This is the first study of the lesions produced by Elaeophora elaphi, a filarial worm first reported in 1986. Only the morphologic characteristics of this species have been described previously. Samples for the study were taken from 74 red deer (Cervus elaphus), 1-10 years old, slaughtered in central Spain. Grossly, filariae were observed in the transverse, left, or right branches of the portal vein of 18 animals. In addition to filariae, whitish thrombi were found in the right and left branches of the portal vein in nine animals. Thrombi of similar characteristics were also observed in 12 deer in which no adult filariae were found. Microscopic changes were observed only in the right and left branches of the portal vein and consisted of thickening of the intima with surface formation of villi. Stroma of villi contained a moderate to intense infiltrate composed mainly of eosinophils and mononuclear cells. The tunica media of affected vessels was uniformly hypertrophic and in some cases presented a moderate inflammatory infiltrate similar to that observed in the stroma of villi. Thrombi consisted of a central area containing calcified filariae or cuticle debris, surrounded by giant cells and numerous lymphoid cells forming clearly defined nodules resembling lymphoid follicles. Thrombi were externally surrounded by a strip of connective tissue and beyond by endothelial cells that were occasionally continuous with the tunica intima. Other lesions probably associated with the infestation were multifocal granulomas in the periportal areas, lymphoid tissue formations in the hepatic parenchyma, and an interstitial nephritis.
Filarial worms are nematode parasites of the super-worms involved. Compromised circulation in the course of E. schneideri infection requires a high rate of infection or an intense lesion resulting from previous infe~tion.~ This view is borne out by studies of infestations in moose (Alces alces), in which animals harboring five filariae presented no symptoms, but up to 40 adult worms were found in animals presenting ~yrnptoms.~ Changes taking place in arteries invaded by E. schneideri include swelling and degeneration of endothelial cells, loss of endothelium and inflammatory infiltration of the tunica intima mainly by lymphocytes and macrophages, fibroblast proliferation, and thrombosis, leading to vascular obstruction.' Dead parasites and cuticle debris trigger a granulomatous response, which in some cases gives rise to total occlusion of the vascular lumen.' Elaeophora elaphi is a filaria found in the hepatic vessels of the red deer (Cervus elaphus); the only other study of this parasite provided a morphologic description on the basis of six filariae obtained from a single deer in the province of Cordoba, southern Spain.4 The purpose of this study was to contribute to the family Filarioidea and are found in body cavities, lymph and blood vessels, or connective tissue." Despite the research carried out on filariasis both in humans and in a number of animal species, the pathogenic mechanism and even the complete cycle of many of these parasites remains unidentified."
Of the filariae parasitic in the deer family, the most widely studied species is Elaeophora schneideri, which has been reported in the USA. This parasite is found primarily in the carotid artery1,3,5,7,12 but has also been observed in other vessels, including the truncus brachiocephalicus and leptomeningeal vessels,I the internal maxillary a r t e r i e~,~.~ the pulmonary artery,7 the lingual, coronary, and brachial arterie~,~ and the femoral artery. 3, I One obstacle to the study of this type of infestation in deer is that it can only be diagnosed postmortem, which is not wholly satisfactory because field conditions rarely allow thorough examination of the car-C~S S .~
The absence of symptoms in most deer affected by E. schneideri may be related to the small number of 250 Fig. 1 . Adult E. elaphi. Note the "rough area" in the ventral surface. Bar = 100 pm. Inset: Detail of the "rough area" with the cuticular swellings and perpendicular striations. Bar = 10 pm.
knowledge of E. eluphi and more specifically to characterize the gross and microscopic lesions produced in red deer in the course of natural infestation.
Materials and Methods
As part of a red deer breeding program on a privately owned farm covering around 1,000 ha southeast of Ciudad Real (central Spain: latitude 38'55"; longitude 0"36'E; 600-825 m above sea level), 74 deer were slaughtered from October 1992 to April 1993 and from September 1993 to February 1994. Slaughtered animals were 1-10 years old; age was determined mainly on the basis of horn growth and tooth wear. All animals were in good to excellent physical condition, with healthy coats and sufficient subcutaneous and visceral fat. There was no evidence of autolysis because of the short time between death and postmortem examination.
Ten male and 10 female worms were fixed in 5% formol and clarified with Amman lactophenol for identification. Additionally, four males and four females were fixed in phosphate-buffered 2.5% glutaraldehyde for scanning electron microscopy.
Tissue samples were collected from all slaughtered deer, fixed in 10% formol, and routinely processed for histopathological analysis. Sections 4 pm thick were cut and stained with hematoxylin and eosin (HE) . Filariae fixed in 2.5% glutaraldehyde were routinely processed, gold-sputtered, and observed through a Jeol JSM 6300 scanning electron microscope.
Results
The main characteristics of the adult filariae studied were as follows. Males had a mean length of 81 f 3.6 m m and a mean width of 0.654 f 0.08099 mm. Numerous transverse cuticular swellings with perpendicular striations were observed on the ventral surface ( Fig. 1 ). These swellings started around the cloaca and stretched as far as the anterior portion. These filariae lacked caudal projections but had spicules of various sizes and shapes. The left spicule ramified roughly at its midpoint, with transverse chitinous thickenings, and the right spicule was smaller and had a blunt end.
Females had a mean length of 260 * 5.9 mm and a mean width of roughly 1.063 k 0.05049 mm. Distance from the vulva, in the anterior portion of the body, and the esophagus was roughly 2.202 * 0.20456 mm.
Grossly, filariae were observed in the transverse, left, or right branches of the portal vein of 18 animals (Fig.  2 ). The number of parasites observed per animal ranged from one to 21, with a mean of 8.5 adult filariae. Although filariae were largely found in the transverse branch of the portal vein, no alterations of the luminal surface were observed. However, in the right and left branches of the portal vein there was a thickening of the vessel wall, whose surface had a rough appearance in all cases. In addition to filariae, whitish thrombi were found in the right and left branches of the vena portae in nine animals and were mainly located close to the transverse branch (Fig. 2) . These thrombi were of various sizes, with a maximum diameter of 12 mm. In no case was the vessel totally occluded. Thrombi of Carrasco, Fierro, Sanchez-Castillejo, Bautista, Gomez-Villamandos, and Sierra Vet Pathol 323, 1995 Fig. 3 . Intrahepatic branch, portal vein; deer No. 3. Portal vein contained a viable E. elaphi and the head of a thrombus and showed villous endophlebitis with marked intimal thickening and hypertrophy of the media. HE. Bar = 500 pm. similar characteristics were also observed in 12 deer in which no adult filariae were found (Table 1 ). In nine of these deer, the tunica intima showed a certain roughness of texture. Focal whitish and retracted areas were found in the kidneys of three animals. Neither live filariae nor other lesions were observed in other locations on macroscopic examination.
Microscopic changes were observed only in the right and left branches of the portal vein and consisted of thickening of the intima, with surface formation of villi or rings (Figs. 3-5). In 27 animals (Table l) , nine of which presented no filariae, villi were formed by a single layer of endothelial cells largely cuboid in appearance ( Fig. 4 ) and loose connective tissue , which was particularly abundant in animals not presenting filariae and in which vascular buds were occasionally observed. Villi stroma contained a moderate to intense inflammatory infiltrate composed of eosinophils, mononuclear cells, and in several cases giant cells (deer Nos. 7, 9) . In two deer (Nos. 5, 30), a nodular arrangement of mononuclear cells (mainly lymphocytes) was found interspersed among villi or between villi and the tunica media. One animal (No. 12) had a granuloma with a calcified center. Microfilariae were observed interspread among villi in only one deer (No. 3) (Fig. 4) .
The tunica media of affected vessels was uniformly hypertrophic (Figs. 3, 6) , and in some deer (Table 1) a moderate inflammatory infiltrate similar to that observed in the stroma of villi was present. In two deer (Nos. 2 1,23), mononuclear cells were arranged in nodules.
Thrombi found in deer harboring live filariae were similar to those observed in deer without filariae. These thrombi consisted of a central area containing calcified filariae or cuticle debris surrounded by giant cells and numerous lymphoid cells forming clearly defined nodules resembling lymphoid follicles (Figs. 5 , 6) . Small blood vessels were visible among these nodules.
Thrombi were externally surrounded by a strip of connective tissue and beyond by endothelial cells which were occasionally continuous with the tunica intima. However, some thrombi found in deer harboring live filariae (deer Nos. 7, 21, 25) were formed by dead filariae and fibrin or by eosinophils and marcophages interspersed among fibrin bundles (deer Nos. 3, 6, 16) . Other thrombi found in deer without live filariae (Nos. 17,24) had giant cells and connective tissue surrounding dead filariae.
In most of the deer harboring adult worms (Table  1 ) and in two animals with only thrombi, multifocal granulomas of various sizes were also observed in hepatic parenchyma, mainly in the periportal areas. These granulomas contained mononuclear cells, eosinophils, and in some cases (deer Nos. 7, 16, 2 1, 23) giant cells.
No microfilariae were observed within granulomas. In addition to these granulomas, five of the animals harboring live filariae (Table 1) showed evidence of lymphoid tissue formations in the hepatic parenchyma (Fig.  7) ; these formations were large (1-5 mm in diameter) and consisted of numerous clearly defined lymphoid nodules resembling those observed within vessels, although in no case were cuticle debris or giant cells observed. Two deer harboring adult filariae and one animal with a single thrombus had focal interstitial nephritis formed by atrophied tubules surrounded by an infiltrate composed of macophages, plasma cells, and a large number of lymphoid cells arranged in nodules.
Discussion
Vascular lesions observed in E. elaphi infestation consisted of 1) villous endophlebitis, 2) the formation of verminous thrombi around dead parasites or cuticle debris, in which there was a predominance of lymphoid cells, and 3) hypertrophy of the tunica media. In addition to these vascular lesions, there was evidence of granulomas, lymphoid tissue formation in the hepatic parenchyma, and occasionally interstitial nephritis.
The characteristics of filariae observed in the present study were similar to those previously r e p~r t e d ,~ and the parasite was identified as E. elaphi. Of particular interest was the rough area observed on male worms.
E. elaphi differs from E. schneideri not only in its location but also in the presence in E. schneideri of three caudal projections not found in E. e l a~h i .~ The incidence of E. elaphi infestation in red deer (40.5%) was similar to that recorded for E. schneideri in mule deer (Odocoileus hernionus) (44-609'0) but higher than that described for E. schneideri in whitetailed deer (Odocoileus virginianus) (1 3%) and lower than that described for E. schneideri infestation in elk (Cervus canadensis) (90O/0).~ The altitude of the habitat reported for E. elaphi (600-825 m above sea level) is lower than that described for E. schneideri (900-1,800 m above sea l e~e l ) .~
The age of the animals in which E. elaphi was found (1-6.5 years, x = 2.9 years) corresponded to the age range of 1.5-8.5 years ( X = 5.5 years) reported for E. schneideri infe~tation,~ but the mean was lower than in E. schneideri infestation, and although the mean number of filariae found in the present study was similar to that reported for E. schneideri infestation, the maximum numbers recorded here (1-2 1; X = 8.5) were lower than those recorded in E. schneideri infestation The location of E. elaphi in the liver may be due to postmortem migration, as has been suggested for the observation of E. schneideri in the liver, kidneys, and spleen,' but the appearance of lesions in the tunica intima, and of thrombi containing dead parasites in the left and right branches of the portal vein, in cases of E. elaphi infestation, are considered irrefutable evidence of parasite location in the living host.
In the present study, as with infestation by E. schneideri3 and DiroJlaria irnrnitis, 9~1 Q the surface of vascular lumina was villous to granular in texture in areas where parasites were located.
The intravascular presence of both live filariae and thrombi has been reported in only one case of deer infested with E. s~hneideri.~ However, in the present study there was a greater incidence (30%) of live filariae and thrombi containing calcified filariae, possibly due to reinfection of the animals concerned.
( 1 4 1 , X = 9).3 Vascular lesions observed in E. elaphi infestation appear to be related to the state of the parasite, a finding also reported for E. ~chneideri'.~ and Brugia pahangi.g Although most animals harboring live parasites also had thrombi, the vessels in which worms were located also contained evidence of villous endophlebitis similar to that found in vessels invaded by E. schneideri,3.7J2,16 D. irnrniti~,~.'~ and B. pahangi.8 In the endovasculitis caused by E. schneideri intimal thickening is h y p o c e l l~l a r~~~.~J~ and is accompanied by loss of endothelium,l whereas in E. elaphi infestation the endothelium remains intact, and in most cases there is a moderate to intense inflammatory infiltrate similar to that reported for D. immitis infestati~n.~.'~ Moreover, the formation of lymphoid cell nodules, occasionally observed in the intima in the present study, has only been reported for the rete mirabile cerebri in E. schneideri infestation.'
In vessels containing dead filariae, the most characteristic lesion was the formation of thrombi. The other lesions already described were observed less frequently and in some cases differed from the lesions reported in the literature, such as the hypocellular intimal thickening described for E. schneideri infesta-t i~n .~. I~ Microscopy showed thrombi to be composed of dead filariae surrounded by giant cells and the intense formation of lymphoid cells, arranged to form clearly defined nodules enclosed by a proliferation of connective tissue and an endothelium, both of which were continuous with the tunica intima. This lesion, not described elsewhere, differs from those observed in infestation by E. schneideri,1,3.5 D. irnrniti~,~ and B. pahangi, where the reaction is predominantly fibrous, although in some cases of E. schneideri infestation thrombi have been reported to contain giant cells, focal necrosis, and clumps of polymorphonuclear cells.3 In the present study, some animals presented thrombi composed largely of fibrin, which are similar to those described in other filarial infestations. These thrombi may represent the initial stage of thrombi formation in E. elaphi infestation. The hypothetical evolution of these initial thrombi in the direction of the characteristic thrombi described here is supported by the observation of thrombi containing, in addition to fibrin, numerous marcophages and eosinophils and others either containing giant cells surrounding parasite cuticle debris or undergoing organization.
Hypertrophy of the tunica media, observed here, has also been reported in D. immitis infestation9 and may be due to stimulation of tunica media muscle fibers, although this lesion is not considered spe~ific.~ However, hypertrophy in the present study was accompanied in some animals by an infiltrate similar to that observed in the tunica intima. In addition to these lesions ofthe tunica intima, most deer harboring filariae had granulomas in the hepatic parenchyma; similar granulomas have been reported in animals infested by other filaria species, including B. pahangi6.8 and Filaroides hirthi, l5 although they are rare in E. schneideri infestation, and have been located only at myocardial level in three infested deer3 and in one sika deer.I2 The presence of granulomas has been related to larval migration;I5 this relationship cannot, however, be asserted unequivocally, because the presence of microfilariae has not been demonstrated. Gran-ulomas of this type were not observed in filaria-free deer. Moreover, in the present study of E. elaphi infestation lymph tissue formation was observed at the hepatic level, forming clearly defined nodules similar to those reported for Ascuris suum infestation in pigs,*J3 which have been associated with the passage of larvae once the animal has been sensitized to the parasite. Nodules of this type have not previously been reported in cases of filarial infestation.
Interstitial nephritis has not been described in E. schneideri infestation but is frequently found in dogs infested by D. i m m i t i~'~ and in infestations of other filariae, including B. pahangi;6 it causes an infiltrate similar to that observed here, although like the lesions observed in the hepatic parenchyma it has not been related to the presence of microfilariae. The scarcity of microfilariae in the present study may Vet Pathol 32:3, 1995 the state of the parasite and the degree of host immunity, a finding reported elsewhere for other filarial infestations. Lesions consisted of the formation of villous endophlebitis (in the case of live parasites), with a moderate to intense inflammatory infiltrate and thrombosis characterized by occasional giant cells and abundant lymphoid cells sometimes arranged to form lymphoid nodules around dead parasites or cuticle debris. E. elaphi also appears to be associated with granuloma and lymphoid nodule formation in the liver and, in some cases, interstitial nephritis. be due to the transitory nature of microfilaremia and to the possible presence of microfilariae in extremely low numbers, as has been reported in feline filario~is.~ Studies of E. schneideri suggest that microfilaremia is transient. Infection takes place between May and June,' and microfilariae and nonadult filariae are observed in animals slaughtered in July.' This transience may be due to the fact that the vector is a fly or horsefly, as is the case with E. schneider,5.16 both of which are most numerous in the summer (mainly June and July). If, in the present study, the E. eluphi vector were similar to that of E. schneideri, infection and filaria recovery might be expected to take place in the same period; however, no animals were in fact captured over this period, because animal selection was based largely on horn growth. The microfilariae observed in one animal may thus be the result of release by a dead adult filaria; the animal concerned had both live adult filariae and fibrin thrombus surrounding dead but not yet calcified filariae.
This study provides the first description of the habitat for and lesions produced by E. elaphi, a parasite found in the intrahepatic branches of the vena portae in red deer. Intensity of lesions appeared to depend on
